is an autosomal recessive multisystem lysosomal storage disorder, which is characterized by the deficiency of the enzyme arylsulfatase B encoded by the ARSB gene. Treatment of this disease with enzyme-replacement therapy (ERT) improves the clinical status of and generates hope for MPS VI patients. However, only few reports on patients with MPS VI treated before 5 years of age have been published. Thus, the objective of this study was to compare the clinical parameters of two sisters affected by MPS VI who started ERT at different ages (9 years and 1 year 5 months, respectively) and to determine the most relevant clinical impacts of early treatment after 85 months of evaluation. The treatment was well tolerated by both siblings. ERT in the younger sibling resulted in increased growth, an improved 6-minute walk test, less coarse face, slower progression of cardiac valve disease, and the absence of compressive myelopathy compared to that in her older sister. On the other hand, the older sibling had typical MPS VI phenotypic features before the commencement of ERT. Corneal clouding, clawed hands, and progressive skeletal changes were observed in both siblings despite the treatment. Both siblings displayed reduced frequencies of upper respiratory infections and apnea indices. This study emphasizes that early diagnosis and treatment of MPS VI are critical for a better disease outcome and to enhance the quality of life for these patients.
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INTRODUCTION
Mucopolysaccharidosis type VI (MPS VI) or Maroteaux-Lamy syndrome (MIM 253200) is an autosomal recessive lysosomal storage disease. It is characterized by progressive multisystem involvement with reduced or lack of the activity of enzyme arylsulfatase B (ASB), also known as N-acetylgalactosamine-4-sulfatase leading to incomplete degradation and cellular accumulation of the glycosaminoglycans (GAGs), dermatan sulfate (DS) and chondroitin sulfate (CS), within the lysosomes of the connective tissues (Harmatz et al., 2004; Giugliani et al., 2007) . Defective ASB activity is determined by pathogenic variants in the ARSB gene located on chromosome 5 (5q13-5q14) (Litjens et al., 1989) .
MPS VI patients present with a broad spectrum of clinical manifestations related to the progressive accumulation of GAGs and sulfated oligosaccharides derived from DS and CS in lysosomes, cells, and tissues that range from severe to relatively mild. The major clinical presentation of MPS VI includes a coarse face, growth retardation, dysostosis multiplex, and degenerative joint deformities. Other features include cardiac valve disease, reduced pulmonary function, upper airway obstructions, sinusitis, otitis media, hearing loss, carpal tunnel disease, inguinal and umbilical hernias, corneal clouding, and hepatosplenomegaly. Patients with MPS VI usually have normal intelligence, unlike the majority of those with other MPS types, but they may present with some important central nervous system complications, such as cervical cord compression, meningeal thickening, communicating hydrocephalus, optic nerve atrophy, and blindness (Guimaraes et al., 2010) . This syndrome is usually characterized by significant functional impairment and a shortened lifespan.
In the past, there was no satisfactory treatment for MPS VI and few patients have benefited from bone marrow transplantation (Herskhovitz et al., 1999) . Enzyme-replacement therapy (ERT) for MPS VI was approved in the United States for clinical purposes in 2005. Clinical trials of ERT have demonstrated rapid reductions in urinary GAG levels, improved endurance in walking and stair climbing tests, increased ranges of joint movement, and improved respiratory functioning (Harmatz et al., 2008) .
Few studies have reported on the early initiation of ERT in affected individuals and there are only two reports in ERT for siblings with MPS VI younger than 5 years of age (McGill et al., 2010; Furujo et al., 2011; Muenzer, 2014) . Thus, the objective of this report is to present two Brazilian siblings with MPS VI who began ERT at different ages (9 years and 1 year 5 months) and to determine the most relevant clinical impacts of the early treatment of this disorder.
MATERIAL AND METHODS

Sibling 1
Sibling 1 was 8 years old at our initial evaluation and was the product of an uneventful pregnancy of healthy, consanguineous (first-degree cousins) parents. She was born at term with no intercurrence. Her birth weight was 3.7 kg, she was 52 cm long, and her head circumference (HD) was 36 cm. The first symptoms recognized by the family were coarse facial features when she was 2 years old. A biochemical diagnosis led to the detection of MPS VI when she was 3 years old. Molecular analysis of the ARSB gene identified the homozygous mutation c.1143-8T>G, which has been previously characterized in MPS VI patients (Petry et al., 2005; Garrido et al., 2008) . At that time, she has already developed mitral and aortic lesions, along with a dilated and hypertrophic left ventricle. She underwent surgical treatment for glaucoma when she was 3 years old. She received surgical correction of an umbilical hernia when she was 4 years old. Her mitral valve was then replaced by a mechanical prosthesis and the aortic valve was surgically repaired when she was 8 years old. She presented frequent, recurrent upper respiratory tract infections. Her cognitive development was completely normal.
A physical examination at 8 years of age demonstrated a height of 98 cm (<5th percentile), weight of 15.5 kg (<5th percentile), and normal HD (52.2 cm). She also had a broad and coarse face, corneal opacities, a long philtrum, a large protruding tongue, a short neck, a narrow chest with a mild pectus carinatum deformity, a prominent abdomen, a lumbar gibbus deformity with stiffness, and contractures of several joints.
Skeletal X-rays revealed typical findings of dysostosis multiplex. Echocardiography showed pulmonary hypertension (systolic pressure of 51 mmHg), moderate aortic regurgitation, and mitral valve double lesions. Abdominal ultrasounds showed mild hepatomegaly. Urinary chromatography of GAGs revealed an increased DS fraction. Leukocyte assays demonstrated an ASB deficiency (4 nmol·h -1 ·mg -1 protein; normal range: 44-106 nmol·h -1 ·mg -1 protein). Weekly infusions of ERT with recombinant human ASB were started at the age of nine. A dose of 1 mg/kg was prescribed weekly throughout the study period. She has been receiving the enzyme for 6.5 years (340 weeks) without adverse effects.
Sibling 2
Sibling 2 was born at term with no intercurrence. Her birth weight was 3.5 kg, she was 49 cm long, and her HD was 36.5 cm. The first symptoms recognized by the family were coarse facial features and joint stiffness at 7 months, which was earlier than that of her sister. The biochemical diagnosis of MPS VI was made soon after clinical suspicion. Molecular analysis of the ARSB gene identified the same homozygous variant found in her sister (c.1143-8T>G) . Physical examination at 8 months of age revealed only a mildly coarse face with prominent cheeks with no other abnormalities, a weight of 9.5 kg (95th percentile), a height of 68.5 cm (75th percentile), and an HD of 45 cm (75th percentile). She had normal cognitive development.
Skeletal X-rays revealed abnormal J-shaped sella turcica, oar shaped ribs, gibbus malformation of the L1 vertebral body, hypoplastic and irregularly shaped carpal bones, hypoplastic radius and ulna, flaring of the diaphyseal canal of the long bones, and proximal pointed metacarpals. Echocardiography showed an enlarged left ventricle with compromised systolic function and mild pulmonary hypertension (systolic pressure of 37 mmHg). There was also a prolapsed posterior mitral leaflet with no signs of regurgitation or stenosis. Abdominal ultrasounds were normal. Urinary chromatography of GAGs revealed an increased DS fraction. Leukocyte assays showed an ASB deficiency (12.72 nmol·h -1 ·mg -1 protein; normal range: 44-106 nmol·h -1 ·mg -1 protein). In spite of the early diagnosis, enzyme therapy was only available when she was 1 year and 7 months of age. A dose of 1 mg/kg was prescribed weekly throughout the study period. She has been receiving the enzyme for 6.5 years (340 weeks) without adverse effects.
Clinical evaluations
Both sisters showed an improvement in upper airway obstruction, with a 50% reduction in infection frequency. Furthermore, the apnea index (episodes/h) was much lower for sibling 2 (5.4) than for sibling 1 (16.1).
With regard to the facial dysmorphic features, sibling 2 presented a less coarse face than sibling 1 (Figure 1) . Figure 1 . Sibling 1 with marked coarse faces at 8 years (II-A and II-B) and mild dysmorphisms in sibling 2 at 1.5 years (II-C), 6.5 years (III-A), and 13.5 years (III-B and III-C). Furthermore, the height and weight of sibling 1 was always lower than the normal reference values; however, sibling 2 maintained a normal rate of growth compared to growth rates in healthy children of the same age.
Corneal opacities and clawed hands were observed in both sisters at week 340. The younger sister developed a moderate form of corneal opacity and the older sister developed a severe form. Both siblings presented severely clawed hands in addition to dysostosis multiplex. Sibling 1 was already severely affected at the age of 8 years and 9 months and sibling 2 developed a mild to moderate form at age 8 (week 340 of ERT).
An MRI of the spine showed foramen magnum stenosis and compressive myelopathy in sibling 1 at week 340 (15 years), while sibling 2 remained normal (8 years 6 months).
A recent study reporting the cardiac abnormalities presented by both siblings showed that sibling 1 had mitral and aortic valve compromise at only 2 years of age and that she needed surgical intervention at 8 years of age, which was before she started ERT. Furthermore, sibling 2 developed mild mitral and aortic lesions throughout the follow-up period of 3 years. Both siblings had left ventricle cardiomyopathy; however, partial reverse remodeling was detected after 100 weeks of ERT (Leal et al., 2014) .
Urinary GAGs were measured at 340 weeks after the first infusion of ERT, showing a reduction of 83% (655 to 178 µg/mg creatinine) in sibling 1 and 91% (1245 to 111 µg/mg creatinine) in sibling 2 (Figure 2 ).
Despite these reductions, the urinary GAG levels remained above the reference values. The 6-minute walk test (6MWT) was performed by sibling 1 at weeks 73, 122, 173, and 240. She consistently scored below the 3rd percentile on this test. This test was administered to sibling 2 twice (at weeks 173 and 240) because of her age at the beginning of the study. She scored within the normal range for healthy individuals of the same age for both evaluations. Her first assessment score was in the 75th-90th percentile and her last assessment was in the 50 th -75th percentile.
DISCUSSION
ERT has been shown to have clinical benefits for MPS VI patients older than 5 years of age (Harmatz et al., 2006; Giugliani et al., 2007) . However, the initiation of therapy before this age may have additional benefits and/or prevent some complications (McGill et al., 2010; Furujo et al., 2011; Horovitz et al., 2013) . This study presents follow-up data for two Brazilian siblings diagnosed with MPS VI, enabling a comparison of clinical and laboratory outcomes of the effects of ERT initiated at different ages.
It is interesting to note that MPS VI has a wide spectrum of clinical severity, primarily because of the effect of various mutations, some of which permit residual enzyme activity (Giugliani et al., 2007) . The study of siblings, where the same mutations are present and intrafamilial variation is small, surely strengthens the importance of the results regarding early ERT.
ERT was well tolerated by both siblings. With regard to the growth parameters, the early introduction of ERT for sibling 2 (1 year 5 months) allowed for normal growth, and she even reached the height of her older sister (at 6 years 6 months and 13 years 6 months, respectively). Growth failure is characteristic of untreated MPS VI. Growth plate failure in MPS disease may be related to abnormal GAG storage in chondrocytes, leading to an inflammatory response, cell dysfunction, and death (Simonaro et al., 2001) . With regard to the facial characteristics, sibling 2 had a less coarse face than sibling 1 (Figure 1 ). Hepatomegaly, which was present in sibling 1 at baseline, was not observed at week 340.
Cardiac dysfunction is a significant cause of morbidity and mortality across the spectrum of MPS VI patients. As mentioned, a recent study conducted by our group showed that sibling 2 did not need surgical replacement of the mitral valve. Sibling 1 had undergone this procedure due to the worsening of mitral insufficiency even before starting ERT (Leal et al., 2014) . These results suggest that the earlier initiation of ERT may limit the development or progression of cardiac valve disease. Furthermore, the two siblings had left ventricle cardiomyopathy and partial reverse remodeling was induced by ERT in both cases.
The normal scores achieved by sibling 2 on the 6MWT indicated an improvement in the distance walked between weeks 173 to 240 than that by sibling 1 and was even comparable with scores from healthy children. Importantly, there was a 50% reduction in the number of upper airway infections per year in both patients, which reduced the need for antibiotic therapy and improved their qualities of life.
Urinary GAGs are associated with lysosomal storage reduction in well-vascularized tissues, as has been observed in animal studies (Auclair et al., 2003) . The response to ERT in this study is similar to that observed in other studies and the 10-20-fold reduction in GAGs observed in our patients after 340 weeks showed that administration of galsulfase was effective in removing these substrates (Swiedler et al., 2005) .
CONCLUSION
Although ERT is not a curative treatment, it significantly improves various clinical aspects related to MPS VI. This study corroborates scientific evidence indicating that early diagnosis and treatment of this disorder are critical for a long-term favorable clinical outcome and for enhancing the quality of life of these patients.
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